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METHODS FOR '^ FLECTING CFLLS AND TH=!R I I.^^Fc; 

Imm^.ir^"ir'""°" *° ''^"^ ^'^s^es '^se in transolantat.o to transgenic 

animals, methocs or cell selection and to various uses of such matenal In oart.cuTa me 

3ra;S'Snir'''"'^ -nanisms ,nllg ^ ma^s non- 

Ste croararr^PH n'f .T' ^^^^^'^'^^ "^9^^'^^ selectable marker can be induced to 
activate programmed cell death or apoptos.s. e.g. for use in transplantation therapy. 

■iL^n^n^r ^^''^ routinely engineered or mauced to exoress aenefs^ 

atSeTa " mL^er TheTafr; '^T''^'' ^ucn^ ge^^'IretnUn 

-ynlr. ln ^''^^If ' normally introduced into cells as part of a re-'ombinant 

t w'^otf ^'f "'^ Ptenoiype ,s one whic.-, perm,ts sun„val uncer paracular conaifons 

-ens wn,-h n K » ; ^^'^ particular conditions which are relatively innocuous to 

may be one wn c rr4"fh'e c^Jf ^ ^^^^^^ ^e.ecLie phenocype 

process of apoSs^ ' progrannmed cell death mechanisms, eg. the 

25 

Garaoin -t ai ^S^T Tsn iV h™ ^^actenal neomycin phosphotransferase fneo; Colbere- 
Ganp '^^^4-^ = ' ^ygroniycin phosonotransferase fhoh; Santerre -t al (1984) 

30 (t98lrP:N^.3 "Sz'r"'''""' transferase (gpt: Mulligan and'sefg^ 

S'n\°sf rHsl-f^K-' W ^/Pe ^ thymidine 

40 pt^n^^LL^s^ -reT:nT,^rerh^ Hsllfxr rP^7 f -^'^ 

cSc^:s^J"at-•^s 

suostrate for the HSV 1 thySe k na^e but^o^nnf. ^'"'^'^'^"^ '^^^^ ^ 9°°-^ 

found ,n mammalian cells ConseqTentlv Gclr^n^T T- ■'y^"^'"^ ^'"^^e 

45 against mammanan cells express nq me h?5 ^ t% '''.f '^'"^"^ "^^ative selection 
Agents Chemctherap 31 844) JantlBo™ Jl^ '^^^T) Antimicrob. 

botn Dosmve and negative seiLt on wh?n^f ohospnoribosyl transferase can oe used for 
Mcl. Cci! Biol. 7 4130' ""^^^ expressed ,n wild f/pe ceils (Besnard et al. (1987) 

50 selectable markers are usually used in both oroKaryotic and euKaryotic genetic engineering to 
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permit tne 'eccver; frcrn a mixed pcCLilaticr. c: cells wnicn have unce^gcne a relatively rare 
genetic crarige For examoie. they can ce usee in ohysicai association witn anctner gene 
wnicn enccces a prccuct of interest (for exanncie. a therapeutic prc'emi :c seiecr cells wnich 
nave tan.er ud tnat otner gene aiong with the seiectaoie marker. For exampie. the neo gene 
5 nas been ^sec :o n-.cnitor genetically moaifiec cells taken from patient samples after gene 
therapy has taken ctace. 

It has also ceen proposed to use negative seiectaoie markers as a safety aevice m gene 
therapy Many gene [neraoies involve :he removal of somatic cells Tom tne catient, the 

10 ihtroducncr, tnerein of a therapeutic gene Uhe exoression of whica recairs a biochemical 
lesion), followed cy reintrcduction of the cells bacK into the oatient. Since the reintrcauced 
genetically modified calls may ultimateiy prove ceietenous to the health of the natient (for 
example. ;f they orove to be immunologically incomoatibie or oecome maiignanO. a negative 
seiectabie marker may oe introduced along with the therapeutic gene :o permit .if nece'ssary) 

15 suDseauent selective elimination of the genetically modified ceils"" 

A proDiem wirh the currently available negative selectable marKers is :ne so-called cvstander 
effect, ^or examcie. a ceil wnich has been genetically engineered to excress the viral 
tnymiGine ,<:rase will convex GCV into a c/iotoxic metaoolite. Simiiany. celts expressing 

20 C'/Tosine aeammase will convert fluorocytosine (PC) to a cytotoxic interrnediate also. The 
intracellular ouiid-uo of these cytotoxic metabolites leads to the deain of :r.e engineered cell. 
8ut. in aadition ceatn of non-engineered cells close to the engineerec ce:l can aiso occur. 
This :s cecause cr.otoxic intermed:ate{s) leak from, the eying engmeerec eel! into the local 
miiieu. tc oe accumulated oy the neignbounng non-engineerec ceils, .'esuiting ;n scm.e cases 

25 in tneir own ceath. 

A seconc prooiem associated with the use o: many of the currently avatiaoie neaative 
seiectaoie marKers ;s their inefficient killing non-dividing cells uncer ceaam circumstances. It 
IS well known tnat the c/totoxic effect of the intermeaiate generatec ::y viral thym.iaine Kinase 
30 rrcm. <e g. 3CV') is mediated by interfering with the cell's DNA svnrr.et^c oathway. If the HSV-1 
thymidine kinase-engineered cell is not unaergoing DNA synthesis. :nen GCV and its c;/totoxic 
interm.eoiate do not so effectively elicit ceil aeath. Similarly, only tncse cv-osine ceam.mase 
exDress;ng cells wnicn are aiso replicative are most easjiy'killec cy FC acministraticn 

35 Finally, the dosing regimen of known negative selectable agents such as GCV or FC m vivo 
needs to be of at least 10 days duration, and procabiy longer, in crcer to ensure complete 
eradication of ail ceiis. In a clinical situation, wnere total compliance with this reoimen m'ight 
neea to oe ensurec and therefore closely monitored, such a auraticn of treatmerit is often 
undesirable. 

40 

The invention mitigates these problems by provictng inter alia metroes for ceil ana cene 
therapy which cermit the removal (if required) of engineered cells without a cvstancer effect 
without the 'eouirement that sucn engineered ceils should be reoiicative. and'witn tne 
oossiDiliry or a mucn reduced duration of administration of drugs to eiicit the c^/totoxic effect 
45 The metncd is oarticuiany advantageous for neurai cell transciantaticn ana gene therapy in 
the central and oencneral nen^ous systems le.g. in the treatment cf Parkinson s disease 
Huntingta- s chorea. Alzneimers aisease. amyotrconic lateral sciercsis. scnaemia-inouced 
and traun.a -^ncucec cell loss), where a crunmg or titration, or even a comoiete eiim.ination of 
^ the granec celis^may oecome necessar/, but without comoromisina "esiduai function amongst 
00 the host ceils ; hus. such a seiecncn metnoc iimn'ts oystander effects cunng tne remcval of 
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the transcianred ceils from the nervous system, and thereby attenuates damage to otherwise 
norrria! ncs: ::s3ue !n addition, wnen tne grafted or geneticaiiy engineered ceils are non- 
diviamg ceiis :nen the negative selection of tne invention (wmch aces not rely wholly or partly 
on cell aiv'sion for its effects) is particuiarty advantageous. Finally, a more accurate pruning of 
5 cells numoers mignt be achievable if the drug required to eiic:r the cell death neeas to be 
given over a snort duration. 

The necarive selectable markers of the invention exploit the natural mechanisms by which 
ceils are aeoieted in vivo, for example during normal deveiocment. These mechanisms are 

10 collectively Known as programmed ceil death, and are tnougnt to underlie the process of 

apcptosis. Aooptcsis is a fundamental mechanism for regulating cell numbers at all stages of 
life m m.ulticeilular organisms. During embn/ogenesis. for instance, vanous cells are selected 
for apoDtosis; tnis leads to the manifestation of biological form, via either phylogenetic or 
morphogenetic shaping. Programmed cell death also occurs m the nonmal adult. For 

15 example, tne verteorate haematopoietic system undergoes huge cell losses, with billions of 
neutropniis dying this way each day. Apoptosis also plays a m.ajor role in tissue repair and 
regeneration when a cell is damaged beyond repair by e.g. ultra-violet irradiation, cell death is 
triggerea using the cell's own suicide program.me. It is thought that this altnjtstic act nebs to 
maintain tne organism as a whole by guaramg against further replication of damaged cells 

20 wnich m.ay become cancerous, thereoy leaoing to the death of the whole organism. The 

control of acootosis is currently a major comoonent of worldwide research in cancer, since it is 
now beiievec tnat some cancers may result, not from an ennanced reolication of tumour cells, 
but from, a recucec ability of such cells to undergo programmed cell death. 

25 Another acvantage of using a cell's natural mechanism of programmed ceil death is that 
macrocnages and microglia react to apoptotic cells in a highly specific fasnicn. They engulf 
and digest acoctoric cells, but do not secrete Inflammation-inducina signals, in contrast to their 
secretcn/ prcnte when phagocytosing necrotic cells. Ceils unoercc'ing apoctosis rather than 
toxic cell Gcath and necrosis, therefore, are not associated witn a localized ;nflam>maton/ 

30 response - a second unwanted contnbutor to the bystander effect of currently used negative 
seiecticn .T,arKers. 

To actrvate the ceil disposal mechanism, apoptotic ceils cnange tneir surface cnemistn/ so 
that macrocnages/microglia can recognize them. The alteration may be in the surface lectins 
cJb or in integnns. and may van/ depending on tne cell tyoe. but the final death is still via 

apoptcsis 

The invention rests at least in pan on the recognition that the natu.^ai cellular mechanism of 
apoptcsis can be used as a safety and/or titration switch to eliminate geneticallv engineered 
4U cells and. ;r carticuiar, cells transplanted to the central nervous system. Using'such a 

mechanism, t :s possible to induce the apoptosis and subsecuent ehminaticn of grafted cells 
(e.g. in one cram), i his method is used advantageously, because: 

such g.-afred ceils may not necessarily be replicative. (an at least oartial reguirement for 
45 ablation^cy negative selectable markers such as HSV-1 thymidine kinase or -/tcsine 
^ e a m 1 n a 5 ~ . 



50 



.:.e gr^KrC :3;ls can ce removed without tne bystander effect cf HSV-1 thymidine Kinase aue 
tor exam.cie. to leaching of cytotoxic intermediates from tne dyina cells, and tne localized 
inflammatc.-/ response they provoke. Suc.n a bystander effect co;.:d be oaaiculariy 
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Anctner acvantage :s that apoptosis may De induced Dy a relatively sncrt auration of treatment 
ccmDarec ro rne auration of treatment required to proauce non-acoctotic ceil aeatn. 
5 Experiments inaicate tnat e.g. up-regulaticn of oioiogically active p53 may incuce apoptotic 
ceil cearn within hours: oy contrast, the cytosine deaminase or thym.idine kinase 

negative selection mechanism's currently used require many cays of treatm.ent. 

Any negative seiectacie m.arker whicn can trigger program.med ce!i aeatn may ce used ;n the 
10 present mventjcn Fcr example, several factors are currently thcugnt to oe invotvea in tne 
signalling ana meciation of apoptosis. In pamcuiar. apoptosis can result from increased 
excressicn of p53. stimulation of the cell surface Fas receptor, or activation of the interleukin- 
"b convenng enzyme family of cysteine proteases, tn aaditicn. c-m.vc. retinoblastoma, and 
tne Dax-Dci2 ana reiatea genes are involved in apootosis These are tne suoject of reviews 
'.5 TLin et ai. (1995) Cane. Suny. 25:173; Timmers 8x Kremer (1995) Bicmea. Rev. 4:103; Hale et 
al. (1996) Eur. J. Biocnem. 236:1; Fraser et at. (1996) Curr. Op. Neurcdiol. 5:71; Shimamura 
Si Fisher (:9S6) Clin^Can. Res. 2:435; Vaux & Strasser (1996) P.N.A S. 93:2239; Soence et 
al. ;:i995)Exc. Oc. i herap. Pat. 6.345; Gilaraini et at. (1996) Clin. Imm^unctnerao. 5 413) 
wncn are mccrpcratea as suDOor.. In particutar. we and others (SiacK et at. (1996) J. Ceil 
20 3iQl. 135:1085) nave ^cunc overexpression of the tumor suopressor gene c53 to be of 
carucuiar aavantage m inaucing the apoptosis of neural cells. Any cf the foregoing factors 
rr\aw be usee as the oasts of the negative selectable marKers acccrcing to tne'^invention. 

"Transge.-ic crganism^s bearing a selectable marKer as a transgene are known in the art and 
25 are descncec, -cr example, in a pending patent application (POT QB95 02586. WO 96/14401) 
wnich IS incorcoratea by reference herein. These transgenic organisms may crcvide tissue 
and cells rcr transplantation, as well as having other uses. FurthenT;cre. a numcer of vectors 
Deanng cositive or negative selectable markers nave been made arc are reacily available to 
those skilled m the an (for review see Miller (1992). Nature 357-455;. Others may ce readily 
30 assem.biec using standarc gene cloning tecnniques. 

Another -mccrtant crcDiem arises from the need for cultures of a smgie tissue cr ceil t^ype. 
Growtn :n vitrc frcm single ceils may be difficult (often requiring the use of feecer cells and/or 
mixtures cf growtn factors and other supplements) and homogeneous ;n vitro peculations 
35 cannot therefore be easily obtained. Homogeneous populations whicn aiso comorise a 
negative selection m.arker where programmeo cell aeath can be mcuced are paricuiarty 
oifficult to proGuce. 

There is therefore a neea for a convenient source of selectable ce!ls;tissues cf all types for 
40 Dnmaf7 culture or other purposes such as tissue transplantation ana ceil/gene therapy 

it nas new been found that transgenic organisms beanng a negative selectable marker which 
induces prcgrammea cell aeath have oreviousiy unrecognized utilitv m ceil culture techniques 
ana tissue transplantation and ceil/gene therapy. 

The present invention orovides for, out is not limited to. transgenic organisms wn,ch inter aiia 
constitute a ven/ convenient source of material :or the isolation, laentiftcation. culture and 
analysis cr ceils rrom any tissue of the organisms Dody. Tissue dissected from tne transgenic 
organism.s cf :r.e invention can be carticuiarly easily grown [even as ncmcger^ecus 
t;0 copulations of a pamcuiar cell/tissue t^ype) m vitro and used in a wice vaner; of acolications 
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including pharmaceutical assays, tissue transplantation, cell/gene tneraoy general factor 
synthesis, arug aeiivery and protein production. 

For reasons of cianr/. transgene means the genetic structure that is transfen-ed to the cell. 
5 Althougn tne term transgenic organisms nas occasionaliy been apolied to any organism 
whicn contains foreign DNA, tne term "transgenic organism" is used herein in its more usual 
sense to cencte euKaryotic organisms (and in particular, animals or plants, and especially 
verteorates e g. mammals) and their orogeny wnich contain heteroloaous chromosomal DNA 
in the germ line The heterologous chromosomal DNA comprises a ceding sequence which is 
10 hereinafter rerer.red :o as a "transgene". Thus, every (or at least most) of the cells of a 
transgenic organism - ooth somatic and germ - may contain one or more copies of the 
transgeneis) 



Transgenic organisms can be produced by many different methocs. The methods are well 
1 5 documented in the pnor an and their practice forms part of the tecr.mcai repertoire of those 
skilled in tne art. Methodological approaches commonly used are descnbed for example in 
First and Haseltine l Eas.), Transgenic Animals (1991) ButtenA/orrh-Hememan MA USA. 

Accoraing to one known method, the transgene is inserted into embrvonic stem cells which 
20 are then iniected into fertilized zygotes at a stage when only a small number of cells are 

present. , ne engineered embryonic stem ceils become incorporated into the r/gote and cells 
oerived tnererrom go on to differentiate into many or all of the different ceil types of ttie 
animal's coay Sucn cells may also include those contributing to the cermline and -he 
progeny or sucn icnimaericj animals may therefore be fully transgenic 



Other methods mvoive the introduction of the transgene into the pronucleus or into the 
fertilized or unrertilized ovum, but the invention is not limited to the mstnod of making the 
transgenic organism. ^ 

According to one asoect of the present invention, therefore, there is proviaed a transgenic 
euKaryotic organism naving cells containing heterologous DNA comonsing a transq«ne 
encoding a negative selectable marker as herein defined. But for the selectable pnenotypes 
arising rrom the transgenes, the organism may be essentially normal (i.e. not mutant for any 
significant cnaracter or trait with respect to the wild type and/or m that the ceils exhibit normal 
tissue Giirerentiaticn ana development), the transgenes not being located, for example such 
that they insenicnaliy inactivate a gene. 

According to a seccnd asoect of the oresent invention there are proviced eukarvotic cells (e a 
40 hPtPrnT^r^^M!''^°'''''^''°"' PCT/GB95/02592 and PCT/GB96/C0671) containing 

Spffnpi ^ ==":°"S'"9 3 transgene encoding a negative selectable marker as herein 

derinea. But ,or the selectable pnenor/pes arising from the transaenes tne cells mav be 
essentially normal li.e. not mutant for any significant character or'trait with respect to the wild 
type ana/or exmoiting normal tissue differentiation and development). 

^^"n^Lr ^ 'm' °^ P'^^^"* invention, therefore, there are provided eukaivotic 
'ri":=?^'iv^ "-"^ '^ S- as in pending oatent aoplicat.ons PCT,'G395/C253l and 

r/GB53/u^40, i containing heterologous DNA comprising a transaene encoding a negative 
seiectac:e marker as deuned nerein But for the selectable phencr/pes ansing from the 
50 llTST-tS'r f "'■^^"^ essentially normal (i.e. not mutant for any significant cnaracter or 
50 trait with esoect to tneir phenotype prior to incorporation of the selectable marker and/or 
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exr.icttir.g rzrr^-ai tissue differentiation anc ::evelGpment) 

Acccrcirg :z 3 :c-:zr, aspect of the oresenr invention, tnerefcre '.^e'e oroviced eukaryctic 
celis sncwir.g ary acvantageous onenorype ana containing neterciogcus DNA comprising a 
transgene enccc.ng a negative selectable marKer as definec nereir.. 3ut for the selectable 
phencr/ces ar:s;rg r'rorr. the transgenes. the ceils n-.ay be essentialiy as before transgenesis 
of the seiecticn .T^arKer (i.e. unchanged m any significant cnaracter cr trait witn rescect to the 
original acvantageous pnenor/pe and/or exmoiting normal tissje cifferentiaticn and 
aeveiooment^ 
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As statec accve. tne term 'essentially normal" as usea herein may indicate that tne cell or 
organism is net mutant for any sigmncant cnaracter cr trait witn rescect to tne wild type or the 
cnenor/ce ^ncr t3 the mseaion of the seiectacie marker, anc/c,^ 5xn;c;ts nomiai tissue 
:ifferen::aticn anc ceveiopment. The term "essentially normal" therefore mciuaes transgenic 
1 5 organisms or ceHs constructed so as to provide essentially normal celts for transolantation. 
Since ceils ccnsicered to be less innmunogenic to a host, should tney be implanted, can still 
exh:Dtt normal r:33ue differentiation and deveiooment. they too wcuia be essentially normairas 
nere:n ce-inec. ■ ne organism may also oe essentially normai m tre sense tnat tne 
^ transgenes a:e resicent .n a siient (i.e. non-expressea region of tne cenome anc/or m a region 
^0 or tne gercm.e wnere transgenes ao not significantly perturb the -eoncation. segregation. 

organization cr cacKing of the chromosome or its interaction witn cellular ccmoonents such as 
DNA bind:r.g crcteins (including mstones ana regulatory elem.entsi 

^ Tne crov:$!cr cf transgenes encoding both a negative selectable m.arKer as herein denned 
-.5 anc a ccs;t:ve seisctaoie marker provides great flexibiliry dunnc sucseauent maniDuiation of 
any euKaryctic ce:!5 cf the invention in vitro. Moreover, wnere tne ;nvent!cn :s used to 
generate tissue transciants. cells of a particular type may be isoiatea from e.g. a transaenic 
animal cr tne invention by positive selection. The ceils so isoiatec then may be transplanted 
^ into a ncn-r-anscen;c an:maJ to determine whether the transciant "las any tneraceutic 'Effect 
^0 1 ne transDia.n: n-.ay ce aolatea by the negative selection c b inventicn to provide a control to 
determine .vnetner tne transplant was having a oirect theraceu;;c enect. 

It will [:^ec\ear - tr.cse SKilled in tthe art that a cell suicide mecnamsm could oe aoDlied to all 
forms or ce:l/tissue grafting where it :s advantageous to aeolete cr aestroy ine craft, cr cells 
^5 .rem the grart. = n:s would be of particular advantage wnen the ceils to be deoleted/destroyed 
unaergc '.xe cr r.c .''eciication as would be excected for so-called static cr exDancinc cell 
cccuiaticns in :erms cf ceil kinetics there are tnree pooulations cr' ceils. Renewal cell 
peculations sucn as those of the gut or skin, whereby orogenitcr and stem cells are continually 
dividing to^proGuce differentiated cells which oerform their recuired functions and wnicn after 
a oenod or .uncticnmg. are lost by eg. exfoliation. Expanding ceil ooculations do not normally 
divide. However ^ncer ceaain conditions, sucn as hormone stim-jiaticn or wounding the 
L,e,is will c:vice .-or example, the thyroid gland will increase in cell number in resocnse to 
tnyroic stimulating -crmone. Also, liver ceils will replicate in resocnse to damaae. ana indeed 
wil reoiace tneir entire cell population if eg. 75% of the iiver ,s .'emovea. However in static 
ceil Dopulations sucn as neurones or cardiac muscle, ceils co not civice. If a graft were to 
c.mcnse static cr exoandmg ceils, then, it will be seen that tne mventicn has a carticuiar 
acvantace. 



40 



45 



^ The mventicn wco aiicw cells from the graft, cr tne craft as a wnce :c be decle^^d -r 
00 destroyed readi-y n the at^sence of cell replication, cy vir.ue cf prccrammed cell death not 
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requinng replication for its initiation 

The invention would be of value wnen any cell D/pe or cell engineered to express a pnenotype 
having any advantage is used, eg. ceils or tissue or organs for grafting which are functionally 
5 normal but have been humanized le. to make them immunologically rnore tolerable to the 
human nest receiving the graft. The invention would also be of value when cells engineered 
to express proteins/factors more relevant to the human, or to the alleviation of a human 
medical conaition. than the unmodified tissue source, are used. 

10 The cells/organs/tissue compnsing the invention would be for use as eg. allogeneic, 

homogeneic and xsncgeneic grafts. The invention would have panicular advantage in neural 
grafting, caraiac grafting, heoatic grafting, vascular grafting, thyroid crafting and pancreatic 
grafting, wnether xenogeneic grafting of humanized tissue/cells, or allogeneic grafting or 
homogeneic crafting or other. 

15 

In another aspect, the invention provides cells or a transgenic eukaryotic oraanism having 
cells containing neteroiogous DNA comorising a transgene encoding a negative selectable 
marker of tne invention as herein defined and a positive selectable marker the organism or 
cells mignt be essentially normal as herein aefined but for the selectable phencryp'es ansmg 
20 from tne transgene; s.). 

The cells of tr^e nvention are preferably animal cells, for example a vertebrate (e g a 
mammal, for exam.pie a rat, rabbit, pig or mouse). 

25 The transgenic organism or cells preferably may have a genotype wnich is essentially normal 
as herein aennec but •:or the presence of the heterologous DNA. Altemativelv the selectable 
cells of the invention may be derived from human or any non-human source and may not be 
essentially normal but be hybnds and/or express any phenotype. 

30 In addition, that pc.nicn of the heterologous DNA whicn is expressed m the cells may consist 
of a transgene encccing a positive selectable marker and a transaene encoding a negative 
selectable marker as herein defined, each transgene being operaoly linked to an exoression 
element or elements. The absence of expression of any other transgemcally denv»d genetic 
sequences makes this a preferred transgenic organism suitable for a wide ranae of 
expenmental researcn and cell/tissue/organ transplantation therapy requinnq an effectively 
wild type genetic cackground. 

A further aspect of the present invention is tnat the heterologous DNA wnich constitutes the 
negative selectable marker as defined herein may additionally include a multiplicity of 
40 alternative oositive and/or negative selectable markers, including two or more neqative 
selectable markers as defined herein. 

At least one of the seiectaole markers may be ooerably linked to a regulatable expression 
element or elements, ror example a tissue- or cell-specific expression element or elements 
m such circuir.stances, eacn seiectaole marker is advantageously differentially reaulated 
eacn marker .or example being linked to a different tissue- or cell-specific exoression element 
or elements. , his permits the expression of the selectable marker to be limited to a selected 
Class of ceils or -issue, or :o oe iim,;ec oy temooral expression e.a, Ounng a specific stage of 
embryogenesis. so provicmg e.g. for the selective culture in vitro of the selected class of cells 
or tissue from a mixed pnmar/ cell culture. 



45 
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The present mvenr.cn cces not rely on the use of cells with transgenes or transgenic 
organtsms ^:roc'jcec Dy any one nnetnoc: any transgenic prccecure may oe 'jsed in the 
practice of tne invention. Moreover, m most CTCumstances. tne precise nature of the 
5 selectaole markers for use ir, the present invention iS unimportant: in general, any selectable 
marKergene may oe usea so long as it aacitionatly confers a negative seiectaole phenotype 
as herein cef;ned on the cei!. 

For example, tne positive selectable marker may be selected from neomycin 
10 pnospnotransferase. hygronnycin phospnotransferase. xanthineguanme phospnonbosyi 
transferase, tne Heroes simolex virus type 1 thymidine kinase, adenine 
phospnoriocsyitransferase and hypcxanthine phosphonbosyitransferase. 

The negative selectaole marker may, for example, be selected from any of the factors known 
15 to mauce ceils exoressing it to undergo programmed cell death (apcptosis). Those factors 
mignt inciuce c53. inteneuKin 1b converting enzyme (iCE) cysteine oroteases, retinoblastoma 
(Rb) ormiutanrs thereof, c-myc. oax. Fas. Fos, poly(AOP)nbose polymerase (PARP), cpp32 or 
YAMA or any ether factcr(s) or combinations thereof which induce ceii ceath by apoptosis 
rather tnan cvtctoxic:ry. 

20 

The selectac-e marKers are conveniently derived (e.g. by subcloninc using restnction 
enccnucleases) from any of a large numoer of known vectors, exam.oles of wnich are 
describee in e.g. Molecular Cloning: A laboraton/ Manual Second Ecition Edited cy Sambrook 
J. Fntscn anc Maniatis T 198S Cold Spring Harbour Laboratory Press) or from ATCC. or 
25 GenBanK ana/or EMBL cataoases, where vectors comprising the reauired selectable markers 
can be obtained, or :nfcrm.ation required to generate or clone the required secuences can be 
retneved, anc/cr from the literature. 

The exoression elements for use in the invention may take any form so ,ong as they can 
30 (under at leasr some circumstances) be maoe to direct ana/or control the expression of the 
genes re wmch they are ocerabty coupled. Expression elements for use >n the invention may 
comonse transcnptionai ana/or transtational elements, and include orcmoters. noosome 
binding sites, enhancers and regulator/ sites including activator ana repressor (operator) 
sites. Preferred expression elements comprise promoters selected from a wiae range 
35 available for use. examples of whicn are shown m Table 1. This Tacle. wnich ;s non- 

exnaustive, also incicates the use to wnich each promoter may be cut in the methods of the 
invention descnbec infra. 

By way of example only, the exoression elements for use in the invention may be selected 
40 from: promoters ana/or ennancers whicn are soecincally active in: (i) dopaminergic, 

serotoninergic, GABAergic, cholinergic or peptidergic neurones anc sub-oooulattons thereof; 
(ii) oiigocencrcc/tes. astroo/tes and sub-populations thereof; (iii) the enoocnne glands, lungs, 
muscles, gonads, intestines, skeletal tissue or part or parts thereof: (iv) eoithelial. fibroblast, 
fat. mast, mesenchymal or parenchymal cells; (v) particular stages of emon/cgenesis. and (vi) 
45 components of the blood system (e.g. T-lym.pnocytes. B-lymohoc/tes ana macroohages). 
Aiternativeiy tney may oe selected from promoters and/or ennancers which airect the 
transcnoticn of genes for (i) neurotransmitter-specific receptors: (-i) ;on cnannels; (lii) 
recectors involved in ion channel gating and (iv) o/tokines. grc^wrh factors and hormones. 

50 Additionally, tne excression elements for use m the invention may be tnduciole promoters 
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the transoianted cells from the nervous system, ana thereby attenuates damage to otherwise 
normal ncs: tissue !n addition, wnen the grafted or geneticaiiy engineered ceils are non- 
dividing cells tnen the negative selection of tne invention (wmch aces not rely wholly or partly 
on cell a;v!S!cn for its effects) is parjculany advantageous. Finally, 3 more accurate pruning of 
5 cells numoers mignt be achievable if the drug required to eiicit the cell death neecs to be 
given over a snort duration. 

The negative seiectaole markers of the invention exploit the natural mechanisms by which 
ceils are aecieted m vivo, for example during normal aeveiocment. These mechanisms are 

10 collectively Known as programmed cell death, and are tnougnt to underlie the process of 

aocDtosis. ADCptosis IS a fundamental mechanism for regulating ceil numbers at all stages of 
life [n m,ultiC5ilutar organisms. During embn/ogenesis, for^nstance, vanous cells are selected 
for apoDtosis: tnis leads to the manifestation of biological form, via either ohylogenetic or 
morDhogeneuc snaping. Programmed cell death also occurs in the normal aduit. For 

15 example, tne verteorate haematopoiettc system undergoes huge cell losses, with billions of 
neutropniis eying :his way each day. Apoptosis also plays a major role in tissue reoair and 
regeneration wnen a cell is damaged beyond repair by e g. ultra-violet irradiation, cell death is 
triggereo us;ng the cell's own suicide programme. It is tnouant that this attmtstic act helos to 
maintain tne organism as a whole by guarding against further replication of damaged cells 

20 wnicn m.ay become cancerous, thereby leaaing to the aeath of the whole organism. The 

control or acoptosis is currently a major component of worldwide '^esearch in cancer since it is 
now beiievec tnat some cancers may result, not from an enhanced reolication of tumour cells 
bur from a recuceo ability of such cells to undergo programmed cell death. 

25 Another aavantage of using a cell's natural mechanism of programmed cell death is that 
macroDnages ana microglia react to apoptotic cells m a highly speciric fashion. They engulf 
and digest acoototic cells, out do not secrete inflammation-inducina signals, in contrast to their 
secretop/ prcnie wnen pnagocytosing necrotic cells. Cells unaeraclng apoctosis rather than 
toxic cell ceath and necrosis, therefore, are not associated with a localized inflammatory 
response - a seccna unwanted contnbutor to the bystander effect of currently used negative 
selection marKers. ^ 

To activate the ceil disposal mechanism, apoptotic cells cnange their surface cnemistry so 
that macroonages/microgiia can recognize them. The alteration mav be m the surface lectins 
or in intecnns. and may van/ aepending on the cell tyoe. but the final death is still via 
apoptcsfs 



40 



The invention rests at least in part on the recognition that the natural cellular mechanism of 
acoptcsis can be used as a safety and/or titration switch to eliminate genetically enoineered 
ce.ls and. ir> ^articular, cells transplanted to the central nervous svstem. Using such a 
mechanisn.. is pc_ssible to induce the apoctosis and subsecuent elimination of grafted cells 
(e.g. in cr-s srain). i his method is used advantageously, because; 

45 Sirn^^fnt^^^ necessanly be reohcattve. (an at least cart.al requirement for 

45 ablation oy negative setectaole markers such as HSV-1 thymidine kinase or -/tcsine 
ceaminasc 



50 



.he 3ra,..=. :sils can De removed without the bystander effect of HSV-I thymidine Kinase due 
for exa;T,Die. ;o leaching of cytotoxic intermediates from tne dyina cells ana tne iccaiized 
infiammatcr/ response they provoke, Sucn a bystander effect could be oaraculariy 
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which cculd take rr.any forms e.g. as in Jones et al. (1991) Nucl. Acics Res 19 S547 
Woccrcore et al (1992) DNA & Cell Biol. 11:587. Muiler et al. { 1992) Gene 121 253 Simson 
-[^Uo?^^' ' ' ^^^^ Blessing et al. (1995) Terat. Care. Mutagen 15.1 1 ' Shockettt 

_ al m99d, P.N_A.S, 92:5522: Hoff etal. (1995) J. Am. Soc. Nepnroi. 5 793" Maxwell et al 
o ( i95)o) Gene iherap. 3.28: Walther S. Stem (1996) J Virol 70:605.^ Ho et al M9S6)Mol 
Brain Res. 41 200: Deicr: & Capecchi (1996) Hum. Gene Therap. 7 809 or may be the Tet- 
offi M or Tet-onTM system currently marketed by Clontech (see Figure 1) which has been 
Shewn to be effective in both cells (Gcssen et al. (1995) Science 265:1766) and transqenic 
organisms (Kutner at 31. (1996) P N A.S. 1 93: 10933) and aaditionally effective m sram 
10 (Mayrord et al. (1S96) Science 274-1675) 



At leas: one of the selectable markers may advantageously be constitutively exor^-ssed This 
ensures unirorm exoression of the selectable marker m every transgenic cell of the transgenic 
_ organism unaer all conditions, which is particularly useful where the transgenic organism is for 
1 3 general use as a source organism for cell/tissue culture. 

Constitutive expression may be achieved for examole via the use of a oromoter which directs 
.he excressicn o^a ■•house-Keeomg" gene. A "house-keeping" gene is one wnicn is expressed 
in all ceil t^/pes. i neir translated products are required as part of General cell metabolism or 
ueii structure and. consequently, they are not specifically expressed m a carticular cell or 
issue type. House-keeping gene promoters, therefore, need to oe active m a oroad range of 
(and sometimes in all) cell types in order to ensure constitutive gene exoression When 
constitute oromoters are used in the invention, then alternative reaulation of exoression of 
genes may be necessary. The constitutive expression could be riguiated by temoerature- 
^ensitive mutants of the promoter/enhancer elements so that expression is only allowed for 

'"1='^'=^ ''"^fi'n a ^ef'^-ed temperature range. Alternatively, exoression may be 
controlled by the requirement for factors in the medium or milieu of the cells or in the diet of 
Liinw ^^r'^"^' aammsitration of factors to the organism, the absence of which would not 

allow active expression ot genes involved in programmed cell death. Alternatively ^he 
presence or soeanc factors may be required to inhibit promoter/ennancsr directed expression 
^" programmed cell deatn. Control may also be acmeved cy regulating the 
^'ZZ ^ °' ''^ ^^^"'^^^ '° Wos:s. Tne invention ,s 

nr - ° "^'^-^ °y "sed to modulate active epxression of factors required to 

incuce programmed cell death. icmuhcu tu 

fZl^^r'^^^ ^ constitutiveiy-expressed prcmoter useful ,n the oresent invention ^s that for 
the n,stocompatabii,tyccmD,exH-2Kb class 1 prom.oter (Weiss et al ( 1 933) Nature 301 e/r 

nJr^Zr '° ^ downstream coding sequences m cells generally wnen used as a 
SvTo°Sy ioSr'"' '''' ^ ^"^'^^ ^^^^'^ ^ 

I;?J'''iT=°nT,,'°K'^^^ P'^^^"^ invention are not restncted to those derived from 

Te^ved i omct'rs tm^^^ fsh-denved cronote.^s. Additionally, virally 

and avian °eils as wp l """^ ""''"'^ ^ ^^"^^ °^ mammalian, fish 

ana av.an .eils as //eil as ether euKar/otes, could aiso be used in aerforming the invention 

RfeT°"^,^^?.?r,rJ.'" '""^^ '^'^ Long Ter'nal 

e J-^l'^J^l 'V/^'^^'" expression or sequences under their inrluence ;n a oroaa ranae of 
eu.'.arvc.e ceils. Tnese oromoters along with supporting sequences sucn as -nnancer " 
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elennerts ar.c ctner regulatory elements are weii known to the rr-ar 5«;ileo m T.e art (see e.g. 
MoiecLiiar C;cning A lacorator/ Manual Secona Eciticn Edited oy Sanr.crook J. Friiscn ana 
ManiatiS T(1389) Cole Soring Harbour Laooraton/ Press). 

5 The ceils or transgenic crganismis) of tne invention nnay also contain heterc:cgcus DNA 
wnicn rurtner comprises a reporter transgene. for examoie S-galactcsioase or luciferase. The 
reccrier transgene may ce itself operaoty linked to an expression eiement or elements which 
are sucjec: to ceii- or tissue-specific regulation. 

10 Sucn reoorter transgenes facilitate subsequent analysis of ceils/tissue cultured from. e.g. the 
transgenic crganism anc in oaaicutar permit the response (to for examoie an induced cerlcit in 
a parucular class of cells/tissue) of a parjcular expression eiement or ciass of exoression 
elements to ce m.cnitorec :n vivo or in vitro. 

15 In anctner ascect. tne invention provides a method of culturing cells ana/or tissues in vitro, 
comprising the stecs of: (a) croviding a celt or a transgenic organism naving ceils containing 
genetic m.atenai wnicn confers a negative selectaole ohenor/pe. as nerem oerlnec. tnereon; 
( b) generating a pnman/ culture of ceils or a cell line or from cells ano/cr tissue of the 
transgenic organism of stec (a); (c) transplanting said cells ana (d^ wnen recuired. selectively 

20 removing tne saic ceiis on the basis of the selectaole pnencr/pe confemed by the genetic 
material contained in the primary cells or the cell line or the cells of tne transgenic organism. 

Preferably. :re ceil/tissue culture method of the invention is basea on the use of pnmary cells 
or cell lines or a transgenic crganism having a selectable marker wmcn :ncorocrates the 
25 upstream se:ectacie marxer operably linked to a tissue- or cell-soeciflc exoression element or 
elements, wnereoy ;n step (a) a particular ceil/tissue type is selectively grown on tne oasis of 
the tissue- cr ceK-scecfio exoression therein of said at least one seiec^ble m.arker 

This preferrea method of tne invention finds apoiicatton for examoie in the selection of thyroid 
30 follicular ceils Torn, a cr:m:ary (mixec cell) culture. This method m,ay orovice 2 primary stromal 
cell poDuiaticn of the thyroid gland in the absence of the thyroid r'cthcuiar ceiis anc constitutes 
a uniGue ceil culture system useful for tne study of thyroid biology arc m tne cevelcament of 
new therapeutic cnugs ror the treatment of thyroid diseases. 

35 Tne transgenic organisms of the present invention also r1nd aDDiicaticn :n relation to diseases 
involving cell loss. 

Many diseases are known to be associated witn soecific cell anc/or t:ssue loss. For example, 
in neurooegenerative cisoroers sucn as Parkinson's disease. Huntington's crcrea and 
40 Alzheimers disease one or more suD-oopulations of neurotransminer-centified cells are lost 
during the course of the disease. 



45 



In ParKinson s disease, this loss is orincioally of the dopaminergic neurones of the suostantia 
nigra region c: the cram, aithougn otner cell types also decline. 

In HuntT.ctcn s cnorea. there is a more general loss of neurones, cut ;n this case tne aerlcts 
are restricted largely to the striatum. 



In Alzheimers cisease. there is a decrement in acer/lcholme- serctonm- ana noracrenaiine- 
50 containing neurones orciecting to the neo- and paiaeocortex. 
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Other neurc!c;:cal diseases also stem from neural cell degeneration: the demyelination 
occurnng m m/jicioie sc:ercs:s. for instance, is due to the destr'jc::cn of oiiGoaendrocvtes in the 
brain. 

5 

The Humar. l.-r^.Tiunodeficiency Virus (HIV) is Known to enter cetis mat express the CD4 
receptor ano ceil infection appears to leaa ultimately to cell deatn. The loss of CD4 cells 
causes a catasircphic block of the entire immune system anc death of the infected person. 

10 The molecuiar/ceiiular basis of HIV induced-dtsease is poorly understood. This is due. at 
least in pa.i. :o :ne lack of mode! systems to study the pathogenesis of the disease 
particularly in vivo. 

^ The use or' SIV ( simian immunodeficiency virus) infected pnmates nas been considered as a 
1o paradigm, cut 3!V monkeys do not acquire full-blown AIDS. In many instances they show no 
symptoms at ail. Alternative models that have been proposed incl'jce HIV-infected 
chimcanzees. Acart from, the ootential ethical considerations the manisfestation of AIDS-like 
symptoms in s.cn a model may take several years, substantially nincenng research and the 
aeveiccmen: c: effective therapies 

20 

Thus, animal models of the various diseases discussed above are essential as test subjects 
for potential crarmaceuticals and in oasic clinical researcn. The cncice of these animal 
models is c^esently ven/ limited because of the difficulties assocatea with selectively 
destroying 5oec:f!C cell and/or tissue types. 

Thus, according to a further aspect of the present invention there is orcvided a method of 
selectively eii-inanng or deoieting a particular tissue or cell tyoe in an organism, comprising 
tne steos c. = ; providing a transgenic organism having a negative selectable marker as 
denned herein coeraoly imked to an expression element (e.g. a promoter; soecific for the 
tissue or cell r./oe to be eliminated or depleted, and (b) administen-c or ceasing to administer 
a selective agent to the organism to eliminate or aeplete tnat t-ssua cr cell f/pe on the basis of 
the expression rnerein of the negative selectable marKer as defined r.erein Th^ selective 
agent is pr5r=.-=oie one whicn induces or activates the negative selectable marker to induce 
programmed ceil death 

35 

The selec-jve agent may be administered by any route. Where svstemic administration is 
TZ^.r J^-' °' '"t'-avenous routes may be used. Where localized administration 

is reau rec ,,or example wnere the tissue or cell-type to be eliminated is restncted to a 
40 ?p^pL«^' ^n^^"" '° ^ Pamcular region of the body) targeted injection, implantation (e.a. slow 
the h?.,n r.=."'f' °' catheterization may be used. For example, tissue m carticuiar regions of 
the brain may :e soecirically targeted by intracerebral injection 

The metncc of selectively eliminating or depleting a oarticular tissue or cell type of the 
45 ceTloS" "^^^ -^P^oved to provide in vivo models of aiseases involving a.sease-related 

fjjJfpTr^M ^^^3 r^rther asoect the oresent invention crovides a matnod cf mcoelling disease- 
h;!,nn °' comDnsing the steps of: (a) provicing a transgenic organism 

having a .e^at:ve selectable marker as defined herein ooerablv linked to an expression 
oj element : = g = oromoter) specific for the tissue or ceil type wnicn :s subject to disease-related 
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e:imir.3::cr zr 3trcchy; and i O) aaministenng or ceasing :c aammister a selective 3gen: to the 
crG3r.:s-n :c e:imina:e cr cepiete the tissue cr celt vvpe en tne oasis of tne expression therein 
of tr.e "ec3tive sesectaziie marKer. 

The irver.ticr. aisc prcvices a method (e.g. an in vitro method) of aetermining tne effect of a 
defic:: 3 first class o: cells on the characteristics of a second class of ceiis in an organism, 
the metpcd comonsing the steps of: (a) providing a transgenic organism having a first 
neg3t:ve seiectaole marKer as defmea herein coeraDly linKed to an exoressicn element 
spec::ic 'cr tne firs: ciass of ceils ana either: (i) a oositive seiectaole marker operaoly linked to 
an expression element specific for the second ciass of cells, or (lO a second negative 
selectaoie marker linked to an expression eiement whicn airects the expression cf the 
negative seiectacte marKer m all cells of the organism exceot the seconc c:ass cf cells: (b) 
aamin:s:ering a selective agent to the organism to induce a aefic.t m the first ciass of cells on 
the casis cf the expression therein of the negative seiectaole marker (c) removsng cells from 
15 the organism.: and (d) selectively cuitunng cells cf the second class from tnose ceils removed 
in stec (c: on the basis of; (i) the expression therein of the positive selectable marker, or (ii) 
tne :azK cf expression tnerem of the negative selectable marker. 

In anctner aspect the invention orovices a method of screening comocuncs for 
20 pnarm,3ccicg:cai activir/ against a disease involving cell/tissue loss cr atrcchy. comonsing the 
stecs C'V:3) crcviding a res: model of the disease via the steps of: (i) prcvicing a transgenic 
organiSi., naving a negative selectable marker as denned nerein cperably imked to an 
expression eiement (e.g. a promoter) specific for the tissue or cell type whicn is suDject to 
disease-'eiared eiimmation or atrophy, and tnen (li) admimstenng a selective aaent to the 
25 organism to eliminate cr deoiete the tissue cr ceil type on the basis cf the expression therein 
or tne negative setectacie marKer to produce a test moael: it)) admimstenng the compound to 
be tested to the test moaei: (c) screening the compound to be tested on tne oasis of its effect 
on tne test model of steo (a). 

30 Tne m.etnccs of the invention may ce usefuily acolied to any disease wmcn is associated with 
cei!/t!SS-5 -CSS cr atrocny in oarticular. the methods cf tne invention find oaaicular utlli^/ in 
rescect to: [a] Parkinson's disease (the tissue or cell-type to be elimmaiea or depleted 
com.pnsing dODamjnergic neurones in the substantia nigra); (b) Huntincton s chorea (the 
tissue or celi-r/pe to ce eliminated or depleted comprising neural cells of the stnatum; (c) 

35 Alzneim.ei^s disease ftne tissue or celi-type to be ehmmatea or decieted comonsing 
acetvicnoiinev serotonin- and/or noradrenaline- neurones associated with the neo- and 
calaeocor.ex: (d) muitioie sclerosis (the tissue or celt-type to be eliminated or deoleted 
comc-smg brain oligodendrocytes), (e) immune disease and the celi-tyoe to be eliminated or 
depleted comprises CD3, CD4 and/or CDS cells and (f) AIDS and the cell-t^ype to be 

40 eiim.inated craeoietec com.onses CD4 cells. 

In tne case cf AIDS models, the method of the invention could be used to soecifically deoiete 
or eliminate CD4 ceils by unking a negative selectable marker as defined nerein to a CD4 cell- 
soecric cromoter ,e.g. the CD4 receptor promoter). This would permit the generation of an in 
4b vivo mcdel or AIDS Dy regulating the proportion of cells expressing CD4 dv neoative selection 
in VIVO ' - 

Furre^ncre. :n the case wnere the transgenic animal mcdel carnes octn a cositive and 
negative seiectacie marKer as defined nerein. any residual CD4 exoressing cells could later 
bO be :sc;atea frcm the transgenic tissue of the animal moael by positive selection in vitro for 
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further study. Also, the cells/tissues/organs. which may be of animal or human ongin. of the 
invention may be usefully applied to human therapeutic areas such as ParKinson's disease, 
Huntington s chorea. Alzhefmefs disease, stroKe injury, diaoetes. kidney, heart and liver 
dysfunction. 

5 

Examples of various promoters suitable for use in the methods of the invention described 
above are listed in Table 1. along with the disease(s) m which eacn promoter may find 
application. 

10 The invention also contemplates cell/tissue cultures derived from the transgenic organisms of 
the invention (or produced by the cell culturing methods of the invention), and also to various 
therapeutic uses of the invention. The ability to trim or destroy cells/tissues/organs 
transplanted to e.g. humans by the method of the invention has a particular selective 
advantage. 

15 

The invention will now be described in more detail by way of specific examoles. These 
examoles are not intended to be taken as limiting m any wav. The examples are of prcoosed 
protocols wnicn. wrthout wishing to oe bound by any theory/it is relieved could be oraciised 
(with or without modification) by those skilled in the art. The constructed sequences given 
20 below represent examples of numerous constructs that could be used to perform the 
invention. The invention should not be construed as being limited to their use only. 



45 



Materials 



25 Vectors 



pBabeneo plasmid vector Morgenstern & Land (1990) Nud. Acids Res 18 3537 

(plasmid freely available) 

on Promega, 2800 Woods Hollow Rd. Madison USA 

30 CD2 plasmid vector Blaese MR. NIH. Bethesda, USA (plasmid freely available) 

Mullen et al. (1992) P.N.A.S. 39:33; Austin ^ Huber (19S3) 
Mol. Pharmacol. 43:380; Wallace et al. (1994) Cancer Res 
54:2719 

7^-^^^^P'35^'^ ^^ector Wallace H. Kings Buildings. University of Edinburgh, UK 

io (plasmid 

freely available). Wallace et al. (1991) Endocrinology 

129; 32 1 / 

pPBS plasmid Morgan (1992) Nucl. Acids Res. 20*1293 

Plasmid com.pnsing 

40 wild-type p53 etc Baccheti & Graham (1993) Int. J. Oncol 3:781; Katayase et 

ai. 

(1995) Cell Growth Diff. 6:1207; Un et al. (1995) Cancer 
Surv. 25:173; Timmers & Kremer (1995) Biomed. Rev. 4-103- 
Hale et al. ( 1 996) Eur. J. Biochem. 236. 1 , Fraser et al. ( 1 996) 
Curr. Opin. Neurobiol. 6:71; Shimamura & Fisher (1996) Clin. 
Cane. Res. 2:435. Vaux 8. Strasser (1996) P.N.A.S. 93:2239; 
Spence et al. (1996) Expert Ooin. Therao. Pats. 5.345; 
Gilardtni et al. (1996) Clin. Immunotherap. 5:413- Moore & 
Thanos (1996) Prog. Neurobiol. 48:441. 

ou 
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Molec'jiar 5:c!ccv Reacer.ts 

Restriction erccnucieases Proi-nega. Maaiscn, USA 
DNA moG:fyi-.9 enzynes, Promega, Madison. USA 

5 iigase, CI?, 
Doiymerase st; 

Agarose for eiectro- Sigrr.a Chemical Co.. St. Louis USA 

pncresis 

Pclynucleotice Kinase and New Engiana Biciabs Ltd 
10 ana buffers 3397 American Drive, Unit 12. 

Mississauga, Ontario. Canaca 

Construction c" genes 

15 Thyrogicbuiin-thymidine Kinase-internal ricosomal entry site-neorrycir, resistance !TG-TK-a- 
IRcS-necri ' 

The r.ecnycT, -es.stance gene ineor) was ODtained from the oBaos Nso clasmin 
(Morgensten i Land dSSO) Nucl. Acids Res. 18;3537', by oiaesticn w.tr, H:na lll/Cla I and 
-i- . etnevai ror T.e 1 ice 0.0. fragment containing neor gene by get eieictroonoresis and the 
Promega Wizarc PCR kit. 



25 



30 



The DP3b -asma 1, Morgan (1992) Nucl. Acids Res. 20:1233) comc.-s:ng the ooliovirus. 
denvea r.ter.-.ai nocsomal entry site sequence was digestea with Hma ill/Cla I However this 
could net be ccne simultaneously or m sequence, since the restnc-.on sites were too close 
onr'' '"^'s proDlem, the plasmio was imtiaiiv ciaested with Hind III 

ana a 2. j : c rragment cf DNA containing Hind III restnction sites at bo'th the 5' and 3' ends 
was "nserrea orasr :c separate the sites. The pPBS plasmid couic tnen be cigested first 
with L,la I anc :.-;en witn Hind 111. 

1 erminai prcsc-ate grcuos were removed from the Hind lll/C.'a 1 c: oP3S vector usina calf 
n^nTn^r "y^l"":,?^^ "^^^ vector was gel-punfied using a agarose gel ana a oand 

containing the DNA was excised and electroeiuted. a a 

'"'^^ tf-'S dPBS plasmid ovemiont at 15' C and the ligation 

reaction transrormed into freshly-made MCI 051 competent ceils ' 

Positive coio.-.es were laentified by digestion of preoared olasmics w,tn H,nd lll/Cla I The 
40 no?ti5e?-irnlf '--T'^ ^^'^'''^^ electro-pnoreticaily ,n plasm.a oreoarat.ons from 
° P°^lrrf:. ^'ssmids from the positive coion.es were then oicested with Hinc II and Sac 

I .co.h res.!ct;cn enzymes leaving digested DNA with blunt enas). "he resulting Sac l/Hinc II 
digestion ccnta.nirg the IRES-neor fragment was run on a 1% eiecropnoresis gel and the 
appropriate size oand was excised and the DNA electroeiuted and eth.anol-Drecipitated, 

Ian.I|?"Jl^ ^cl-'"' oL^l"'^ ^''^"^'"^ Genoank, NIH, USA accession No, J02224 
Narf t:;'...; prepared using Promega Wizara m,n, orscs and digested with 

rZl,.:'^ ^ ^'^^"^'^ ^^'^ ^'^"^^^ "^'"S T4 Polymerase at 37' C for 1h foilowec Dy 
•-^p'^N ^^.^Ipl'''"^' p"°^P^3^f 5rouDS using CIP. The CIP was ...activated bv treatment of 

r,^":!,^:-'- ^"""^^^^^ °^ -^'^3^°' precioitation The .resulting piasm.d was 

-.e.,.o.n„re.=a on a agarose gel and the DNA was recoverea anc iigated with the insert 



45 



SUBSTITUTE SHEET (RULE 26) 



wo 98/42824 PCT/GB98/00654 



-15- 



in a 1:3 molar ratio of plasmid to insert. 

^ overnight, and was then used to transform competent 
MCI 061 cells Positive colonies were selectea Dy digestion of precared olasmios with BamH I 
b (the correct construct proviaed restriction fragments of size 3980. 1663. 3102 and 1039 b.p.). 

Linearization of the Diasmia was achieved by digestion of preparea piasmids with Sal I 
restriction enzyme. The construction is shown in Figure 2. 

10 Thyroglobuiin-wilc type p53-a-iR5S-neor (Tg-p53-a-IRES-neor) 

In^ pfnT^f as but wild type-p53 in plasmid form was obtained 

from ProT. J. Milner. University of York, UK and inserted in place of TK. 

1 5 Cytomegalovirus-cAosine deaminase-SV40 promoter-neomycin resist-ance (CMV-CD-SV40- 
neor, or Cu2-neor) 

Snd^tho f """^ ^ '^^^^ ^ ^^-^ ^9^32) was aigested with EcoR I and EcoR V 

conrS^n-n^^^l ""f eiectrophoresed on a 1 % agarose gel where the 2.5 Kb. fragment ' 
Sne wLTrSn^'jlnT^ deaminase gene, the SV40 promoter and the neomycin resistance 
gene was retrievea by eiectroeiution rollowed by ethanol precipitation 

X"ud2.tfdr;?iSs? ' ^^'^ ^^"^ment it was treated with 

Illh Hp' digested with EcoR 1 and Sma I (a restriction enzyme leaving the DNA 

with blunt ends), and the terminal phosphate groups were removed using CIP and he enzvme 

ge%'u^S?nd T^TT'"'''''^ P^-P'tat-on-'lhe band was t^'en' 

gei-purinea and recovereo by eiectroeiution. 



20 



25 



30 



Is'^SpTn.'^hf Tu =°"^^"^'"9 3 3: 1 molar ratio of insert to vector and was earned out at 
10 u overnight. The ligation mixture was used to transform fresnly-preoared MCI 061 

EcX;rnd'H"nd'm t^nrr^ ^^'^"^^ ^'^^^^^ c^p're^Sed p^smld with 

tcoK 1 and Hind III to provide restncticn fragments of length 1863 b o and 5062 b n 
35 respectively. Lineanzation of the plas,~^,id was achieved by digestion w",th BgI I 

The construction is shown in Figure 3. 

Cytomegalovirus-wila type p53-SV40 promoter-neomycin resistance (CMV-p53-SV40-neor) 
The plasmid was constructed as in (ii)(a) above, but with p53 inserted in place of CO. 
A number of ether piasmia constructs can be preparea using the ^echnicues and methods 
an^ gene^c^;:^^^^^^^ '"^^^ ^° ^^^'-^ -°'ecu,ar genetics 



follows"'"'"''"' """^ Tet-OnTM system available from Clcntech are as 
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1a. CMV 3rcmcter-rtetR-VP15 (this ptasmia also confers neomyc:r. resist-ance to tne host 

ceii)(se8 C!cnt3Ch literature). 

Id. TRE-P-nin CMV-wiiG r/pe p53. 

Both plasmtcs (ia and lb) are incoroorated into the same cell or to constPjct a transgenic 
5 organism. The ceil, or cells of the organism, wiil exoress wild type p53 in tne presence of e.g. 
doxycyciine. 

Choline ace?yi transferase (CAT) promoter-rTetR-VPIS 

ana 1b, are incorporated into the same ceil or used to construct a transgenic organism, such 
10 that both 2 and Vo. are incorporated into ceils in the transgenic organism. Cells wmch 
normally express CAT wiil also express wild-type d53 in the presence of e.g. ccxycyctme. 

CAT oromoter-neor-CMV oromoter-rTetR-VPl6 

and 1b. are inccroorated into the sam.e ceil or used to construct a transgenic organism, such 
1 5 that both 3 and 1b. are incorporated into cells in the transgenic organism. Cells will express 
neomycin resistance under the control of the tissue-specific CAT promoter, allowing for 
Dositive selection of CAT-expressing ceils. Such cells will also express wiid-cype c53 in the 
presence of e.g. doxycyciine. This proviaes an example of tissue-specinc positive selection 
with negative selection, but this shoula not oe seen as limiting since, given an understanding 
20 of the invention, the man sKilied In the art could link any specific positive selection marker to 
create an aspect of the present invention. 

The piasmias of lb. where tne wild-type p53 is reolaced by ICS or Rb or m.utants thereof, bas. 
Fas. Fos. PARP. cpp32 or YAMA or any other fator(s) whicn induce programmec cell death, 
25 or combinations thereof by e.g. constructs with e.g. internal ribosom.ai entr/ site separation 
units or n-.uitipies of the section 3 constructs. 

Plasmids compnsing a cell suicide gene such as p53 operatively linked to an inducible 
promote: as exemplified m the following publications: 
30 Jones et ai. :;1991) Nuci. Acids Res. 19:5547; Woodroofe et al. (1S92) DNA & Cell 3iol. 

1 1:587: Muiler et al..f1392) Gene 121:263: Simson et al. (1994) Lab. Invest. 71:650: Blessing 
et al. (1995) Terat. Care. Mutagen. 15:11; Shockettt al. (1995) P.N.A.S. 92:6522: Hoff et ai. 

(1995) J. Am. Soc. Nephrol. 6.793; Maxwell et al. (1996) Gene Therao. 3:23; Waltner & Stein 

(1996) J. Virol. 70:6054; Ho et ai. (1996) Mol. Brain Res. 41:200: Delon 8. Caoeccni (1996) 
35 Hum. Gene ; herao. 7:309 or may be the Tet-offTM or Tet-onTM system currently marketed 

by Clontecn (see Figure 1) whicn has oeen shown to be effective in ooth cells (Gcssen et al. 
(1995) Science 265:1766) ana transgenic organisms (Kutner et al. (1996) P.N.A.S. 
193:10933) ana additionally effective in brain (Mayford et al. (1996) Science 274:1675). 

40 Production of transgenic animals 

Transgenic rats were produced by established methods (Hogan et al. (1986) Manipulating the 
Mouse Emon/o - A Laboraton/ Manual. Cold Spring Harbor Lab.. Cold Sonng Harbor. N.Y.). 
In brief, approximately 2 ol of the plasmid were microinjected at a concentration of 5 pg/ml intc 
45 the pronucleus of outbred Sorague-Dawley embn/os. Emor/os were then impianted into 
pseucccregnant recipients, ana after identification of transgenic animals, lines were isolated 
ana estaoiisnec. Lines were maintainea as transgenic hemizygotes oy m.ating hemizygous 
fem.ales with non-transgenic males. 

SO Positivez-^ecative seiecticn of cells from transgenic animals in vitro. 
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rifcrcD'as: ceils . 

Fibroblast cjitures derived from lung of adult CD2/neor, TG/TKyneor and control animals were 
5 proGucec and expanded oy routine methods (Fresnney (1987). Alan R. Liss. New York). 
Twenry-foLf hours after piatmg, genetictn (400 pg/ml) was added to cultures originating from 
both types of transgenic rats and from control rats, and replaced every three days with fresh 
medium When reautred. cells were suocultured (1:3) to prevent them becoming confluent, 
again cy casic culture methods (Freshney 1987). Cell counts were made manually in 20 fields 
10 chosen rancomty and the values at each time point, after allowing for cnanges due to 

subcuitunng. were aggregated. As can be seen from Table 2, no fibroblast cells derived from 
control animals or the TG/TK/neor transgenic survived more than 10 days treatment with 
geneticin in the absence of added geneticin. no change in cell survival from either of the 
transgenic animals was observed 

15 

The effects of 5-fluoroc'/tosine {5FC) were also determined. 5-fluorocytosine at a 
concenti-anon of 100 ug/ml had no effect on fibroblast cells derived from control animals or 
rrcm me i G/T'K>'necr transgenic. In the cells Derived from the CD2/neor transgenic animal. 
However 94% of the orgmally-plated cells died, or were non-functional (as determined by their 
20 failure :c exctuae jrypan blue) after 10 days culture in the oresence of 5FC (Table 2). By 
contrast, no significant difference in cell counts was found between cultures from control rats 
'n the acsence and cresence of 5FC. or between controls and cultures taken from. CD1/neor 
rats !n tne aosence of added 5FC (Table 2). 

25 Thyroid ce-ls 

Thyroid cultures derived from the thyroid gland of adult CD2/neor. TG/TK/neor and control 
animais were produced by routine methods (Freshney. 1937). Twenty-four hours after plating, 
geneticm (400 pg/nnl) was added to cultures originating from both r/pes of transgenic and the ' 

30 control rats, and reciacea every three days with fresh meaium. When required, cells were 
suDcuitured (1.2) to crevent their becoming confluent. Cell counts were made manually in 20 
rieics cncsen randomly, and the values at eacn time point, after allowing for changes due to 
subcuitunng. were aggregated (Taole 3). Ten days after tne initial aDpiication of ganaticin. 1 0 
pg/mi acycioguanosine (ACQ. Sigma) was adaed to thyroid cells originating m the TG/TK/neor 
transgenic. Ten days later, cell counts were again made of 20 fields chosen at random. 
Results are given tn Taole 3. To summarize, cells derived from both types of transgenic 
animal sun/ived the geneticin treatment, whereas the control cells did not. Cells derived from 
the TG/ 1 HCneor transgenic did not survive ACQ treatment, whereas the cells derived from the 
control animals aid. The results were as expected in view of the soecificand non-soecific 

40 excression of the positive and negative selection markers, in the TG/TK/neor and CD2/neor 
transgenics, rescectiveiy. TGrTK^^'neor transgenic rat thyroid ceils culturec m the absence of 
any accec crug aid not exhibit any differences mtheir arcwth or sun/ival ccmparec to control 
thyroid cell cultures (Table 3). 

Ablation of thyroid follicle ceils in vivn 

Aauit t'emaie rats ',250g) were injected intra-oentoneallv with 50 mc of ACG per day for a 
penoa z; z days Seven days after the final injection, serum ievels'of T3 and T4 were 
measures '.Amersnam. UK), and found to nave fallen -n transgenic ammais frcm 0 73 @ 0 05 
bO nM to less than 0.05 nM {T3) ana from 58.2 @ 3.2 nM to less than 2.5 nM (T4) f N=6) 
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Aaminjstraticn cf sanne to transgenic animals resuitea ;n smail out ncn-5ignir?cant fail in T4 to 
0.55 ;g C C7 iN'=6'} . he tnyrcia giancs cf transgenic rats treaiec with ACG for 12 days 
nac snrunK :o I'^'z of tne original weights. Htstccnemical analysis cf these thyroid cianas 
reveaiea an a;n-.cst ccmp;ete loss of follicular cells, with only non-follicjlar. pernaps calcitonin- 
proaucing ceiis, remaining. Administration cf lower amounts of ACG per day resulted in a 
parjat less of T3 and T4. in most other tissues from transgenic ammats. HSV-thymioine 
kinase activity (Bnnster et al. (1981) Cell 27:223: Jamieson et ai (1974) J Gen. Virol. 24:481) 
was not exoressed m detectable amounts. No nistochemical evidence of cell loss was 
demonstraoie m parathyroid, submaxiltan/ or adrenal glands, nor in heart. Kidney or drain. 



In summan/. octh r/pes cf transgenic animal, or the cells therefrom, were appratently normal 
until application of eitner ACG or 5rC. as apprcpnate. After sucn apoiication, either m vivo or 
m vitro tne ceiis upon whicn sensitivity nad been conferred were rapidly destroyed. In 
^ addition, cells from ootn transgenic animals were resistant to the c^/totoxic effects of geneticin. 
1o whereas ceils from non-transgenic controls were completely eradicated. 

Examcie • ^rccosec crcto ccl for the production of a transgenic mouse oearinc coth positive 
anc necative seiectaote markers 

20 The herpes simplex virus (HSV) thymidine kinase gene (tk) (ocerabiv linked to the tk 

promcrer) and tne t:ac:enai neomycin onosohotransferase {neo cene (oceraoly linked to the 
SV40 eany promoter) are cionec into tne appropnate cloning sites cf a oiasmid'vector. 

The plasmic vector is digested with restriction endonucleases and a fragment containing octh 
25 the tk and neo seiecraoie marKers (along with the expression eiem.ents ooerabty linked 
thereto) is isolated on an agarose gel. 

The fragment isolated on the get is then purified and injected into maie pronuciei of fertilized 
one-ceil mouse eggs at a concentration cf 1-2 ug/ml DNA in TE buffer flQmM Tns Ph 7 5 0 2 
30 mM EDTA) i he eggs are :hose cenved from a CBA x C573L''V3 m.ating. 

The eggs wnicn sun^ive micro-injection are then transferred to pseudcoreanant females as 
aescnoea e.g. m Wagner et al. (1981) P.N.A.S. 73:5016. and allowed to develop to term. 

^['i^^'^ ^^^^ ^^^'^ analysed to determine whether the transgenes are present 

lJNm is creoarec rrcm a section of the tail by the method aescnbed m Sambrook et ai (1989) 
Molecular Cloning". Cold Spring Harbor. The presence of the neo and tk genes is determined 
by probing with laoelled tk and neo-specific probes. 

40 The transgenic pucs so identified are mated ana tneir cffsonno also analysed to -heck for 
Mendeitan transfer of the transgenes. 

Example 2: Pf-cpcspn protocol 'or the selective culture of mouse rr-vrcid ^cliicutar cells 

45 Transgenic mice are prepared as oescrioed .n Example 1, except tnat the neo aene is placed 
under^..e control or a thyrpgiobuiin promoter (e.g. descnbed by Chnstophe et at (1939) Mol 

'.f'f^^'''^'^'-^^ Christophe et al. (1987) Ann. d'Endocnnol. 48.1 1 1: Leaent et al (1990) 
PNAo. 37 51 75). 



e transgenic mice are sacnficeo and the tnyroid tissue '•emcved anc a pnman/ culture 
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preparea m tne presence of antibiotic G418. This antibiotic kills ce!!s not expressing the neo 
gene, ana res'jits in tne selective cultunng within tne pnmar/ (rnixec cell) culture of thyroid 
follicular ceils 

5 Example 3 Procosed protocol for the oreparation of a rattine noce! of Parkinson s disease 

The herpes simplex virus fHSV) thymidine kinase gene (tk) is operac)ly linked to a promoter 
wnicn iS active oniy \n dopaminergic neurones in the substantia nigra and cloned into the 
appropnate cioning site of a plasmid vector 

10 

The plasmid is digested with a restriction endonuciease and a fragm.ent containing the tk 
se!ectat)le marker :s isoiatea on an agarose gel, and transgenic rats seanng the tk transgene 
are tnen prepared essentially as descnbed m Example 1 . 

15 Ganciclovir is then administered by injection into the substantia nigra regions of the brain of 
the transgenic rats to specifically eliminate or deplete the dopaminergic neurones expressing 
the negative seiectaole tk marker, thus proviaing a rattine modei cf Parkinson's disease. 

Example 4 Proposed protocol for the preparation of a rattine mocei of Alzheimer's disease 

20 

The hemes simplex virus (HSV) thymidine kinase gene (tk) is operacly linked to a promoter 
which is active only in acer/icnoiine-. serotonin- and/or noradrenaline- neurones associated 
with the neo- and palaeocortex is cloned into the appropnate cioning site of a piasmid vector. 

25 The plasmia is digested with a restriction endonuciease and a fragment containing the tk 
setectaoie marker ;s isolated on an agarose gel, and transgenic rats oeanng the tk transgene 
are then oreoarea essentially as descnbed in Example 1. 

Ganciclovir is tnen administered by injection into the aapropnate region of the brains of the 
30 transgenic rats to specifically eliminate or oeplete the acetyichoiine-, serotonin- and/or 

noraorenaime- ne'jrones associated with the neo- and pataeocor.ex expressing the negative 
seiectaoie :k m:arKer. tnus providing a rattine model of Alzneimers c:sease. 

Table 1 

35 

Promoter Tissue/ce!l-t/pe Application Reference 



Tyrosine 
40 hyaroxytase 

TSH 
receptor 



Catecholamin- 
-ergic neurones 

Thyroid cells 



Parkinson's 



Hypothyroidism 



45 BSF1 
neurones 



GABAergic 



Epilepsy 



Human aooamine 
50 b-nyaroxylase 



Noradrenaline 
neurones 



Alzheimer's 
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I nvrcciccjiir: 



Thyroid ceils 



Hypothyroidism 



Ser-tcr.:r 2 
5 receotcr 

Mc'jse ..-iter- 
leukin i 

10 C recectcr 
T-iymcroc'/tes 



Glial cells in serotonin- 
ergic projection areas 

bone cells and haem- 
atopoietic system 

CD4 expressing 



Neurocegenerative 
diseases 

Inflammatory 
processes 

AIDS 



nun^an cnciine 
acerytt'ar.s- 
1 5 f erase 



AceWicholine 
neurones 



Alzheimer's 

Motoneurone 

disease 



Refef'^r CSS 

20 

V.Stacr.cwicK et ai. ■;1S94) Mol. Brain Res. 22:309 
2:lkuyan-.3 ana Nawata (1994) Jap. J. Clin. Med. 52(4)-962 
3:Mcte[!eK e: al. (^994) j. Biol. Chem. 269:15265 
4 Hoyie e: al. (1994) j. Neurosci. 14:2455 
25 5:P!cnon e: ai. (1994) Biocnem. J. 298:537 
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Taoie 2 S'jpvival of iung fibrcDiast cell s derived from control and rransQenic rats a nd effects 

or var!3'^5 zruds ' ' ' 



Davs in culture 



Genor/pe.'drug 

Control 

TG/Trjr,eor 

CD2/neGr 
40 Cor.crci ^ geneticin 

TG/TKiT.eor geneticin 

CD2/ neor + geneticin 

Contra: • 5FC 

TGrr.^Vneor * 5FC 
45 CD2/neor*5FC 



1 


3 


5 


7 


9 


11 


100 


100 


100 


100 


100 


100 


98 


97 


98 


95 


95 


96 


92 


93 


92 


98 


105 


98 


9 


101 


85 


23 


5 


2 


97 


105 


91 


27 


^0 


3 


91 


94 


91 


93 


107 


105 


101 


105 


98 


97 


93 


96 


98 


96 


95 


92 


92 


93 


94 


5 


3 


3 


4 


4 



Druzs we- added at day 2 m culture. Values were related to the numoer of cells found in 
ccn re; culfjres w.tnout ar-.g additions at various times after plating, ar^.d allowing for dilutions 
30 resulting rrcn passaging. Figures are the means of three seoarate determinations the 
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standard errors all being less than 15% of the mean. 

Il.^us dmoT ^' '^'^"^^'^ ^'""^ ^"^ transn^nir rnts. and effects of 

Days in culture 



5 



Genotype/drug 1 

Control -100 

10 TG/TK/neor 91 

CD2/neor 99 

Control + geneticin 95 

TG/TK/neor + geneticin 104 

CD2/ neor + geneticin 91 

15 Control -^ ACG 94 

TG/TK/neor ^ ACG 98 

CD2/neor + ACG 98 



3 


5 


7 


9 


11 


100 


100 


100 


100 


100 


95 


93 


92 


101 


99 


103 


102 


97 


89 


91 


91 


85 


56 


9 


4 


105 


98 


88 


93 


98 


94 


91 


93 


107 


105 


97 


98 


91 


92 


102 


38 


12 


10 


3 


7 


90 


93 


93 


97 


88 



^° confJr'n "'^''^ >K ' ""^^ ^ "^^'^^^ ^^'^^sd to the number of cells found in 

reZta1al^lT°^ ''"c'- '^""^^ ^^^^ P'^^i^^. allow for d,lut.ins 



25 
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CLAIMS 

1 A graft fe a xrHcgraft. allograft cr autograft) comprising cells containing hetercicgous 
DNA comcrsinc 3 a'ansgene enccaing a negative selectable manner, wnerein tre negative 
5 selectaoie -ar^ar can ce inaucea to activate prcgrammea ceil ceatn cr acoctosis. 

2. Ceils con:3in:rc neterctogous DNA compnsmg a transgene encocing a negative selectable 
mar'Ker, wre-em r^e negative selectable marker can be induced to actrvate crcgrammed ceil 
death cr accctcsis. e.g. for use in transplantation therapy. 



10 



15 



20 



3. Transciar-^cie tissue or cells containing heterologous DNA ccmpnsing a iransgene 
encocing a -^rcar/e seiectaote marker, wnerein the negative selectacie mar<ercan be 
inducec :o accvara crcgrammed cell death or acoptosis. e.g. for use in transplantation 
therapy. 

4. A transge.nic cnimal navmg ceils containing heterologous DNA ccmcnsing a transgene 
encoding a .-eca:?;e seiectaoie manner, wnerein the negative seieciabie marKercan be 
induced :q aczrjaz^ crogrammea cell death or apoptcsis. 



The invernon cf any one of the preceding oiaims wnerein the negatr/e selectable marker is- 

(a) H a:.-rcur supcresscr gene (e.g. p53); 

(b) a ceil surace Fas receptor 

(0) an :n:aneuk:n-1 Q converting enzyme (or activator thereof); 
(d) :-myc cr a nomologue thereof; 
25 (e) renncciastcma gene; 

if) cax-cc:2 cr a hcmclogue thereof. 

6. The invsnncn cf any one of the preceding claims wneresn the cells: 
^ ''^^ e^aentiaily normal ^e.g. funcncnally ncnmal) but fcr o^e S6lec3Die cnenotype 

ansi-g Tcm the transgene. optionally further compnsmg hetercicgous DNA 
ccr::crs;rg a transgene encoding a positive selectable marker and/or 
( b) are r.urr.anized: and/or 
fc) are immunomoculated: and/or 

■ '^^ --'Jrai. carciac, enootheiial. thyroid or oancreatic calls: and/cr 
35 , ei are csnved from static ceil copulaoons, siowiy repiicating caii poDulations or 

excancirg csil copulations: and/or 

(f) nave a genotype which ts essentially wild type but for the cresence of the 
netercicccus DNA and/or wherein that oortion of the heterologous DNA which is 
excressec :n :he cells consists cf the transgene encoding :he negative selectable 
u mar<er -anc cctionaily a transgene encoding a positive selectable mari<er), the 

:ransgen2(s) ceing operably iinKed to an exoression element cr eiements * 



45 



50 



^ ver:ebra:e (e.2. a mamnal or a 

non-numan marrrrai. rcr example rat. racbit, pig or mouse). 

3^ Tne -nve.ricn :: any one of the preceaing claims wnerein at least the negative selectable 
marker :s ccerac.v inKea to a regulatable excression element or elements :cr examcle a 
tissue- cr C3:i-5:r-::::c exoression e'.ement cr eiements cr an inauc:cie excressicn element 
le.g. an inc-c:c.5 :rcmcter\ 
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9. The invention of claim 7 ccfnonsing a positive and negative selectacie rr.an<er, wherein 
each selectable marxer ;s differentially regulated, each marker for example ceing linked to a 
different tissue- or caii-scecific expression element or elements. 

5 1 0. The invention of any cne of the preceding c:aims wherein at least cne selectable marker 
(e.g. the positive selecracle marker) is constitutively expressed. 

11. The invention cf any one cf the preceding claims wherein the heterclcccus DNA further 
compnses a reporter -j-ansgene. for example P-galactosidase or iuciferase. 

12. The animai of claim ■ 1 wnerein the reporter transgene is ooeraoly lirkec :o an expression 
element or elemenis wmch are suDject to ceil- or tissue-specific regulancn. 

13. The invention of any one cf the preceding claims wherein: 

15 (a) the positive selectable marker is selected from neomycin pncscrotransferase. 

hygromycin phosphotransferase, xanthineguanine phosphonbosyl transferase, the Herpes 
Simplex vipjs type 1 uiymicire Kinase, adenine pnosohoncosyltransferasa ana hypoxanthine 
phcspnonbcsyitransferase. ana/or 

(b) the expression element is selected from: 

(0 promoters and/or enhancers which are specifically alcove :n- (i) 
dopaminergic, sercccninergic. QABAergic, cholinergic or peptidergic neurcnss and sub- 
popuiations therscr (lO ciigccendrocytes. astrocytes and sub-populaticns Thereof; (ill) the 
enaocnne glancs, lungs, muscles, gonads, intestines, skeletal tissue cr 2ar. or parts thereof* 
(iv) eoithenal, rTcrccias:, mast, mesenchymal or parenchymal cells; (v) canicular stages of 

*.5 embp/cgenesis. and fvi) comconents of the blood system (e.g. T-lymcncc/tas. B-lymohocvtes 
and macrophages); cr • - / . 7 

(11) crcm.cters and/or enhancers which direct the transcncticn of genes for (!) 
neurotransmitter-scecinc receptors; (ii) ion channels; (iii) receotors mvcivec ;cn channel 
gating and (iv) cytCKines. growth factors and hormones 

30 

14. Tissue or ceils cenvedcr cultured from the transgenic animal of any one of claims 4-: 3. 

15. A method of cuitunng caifs and/or tissues tn vitro , compnsing the siecs cf 

(a) providing an animal as defined m any one cf claims 4 to 13: 

(b) generanng a pnmary culture from cells and/or tissue of the animal of step (a)* and 
(0) selectively growng the priman/ culture on the basis of the selecracle phenotype 

conremed by the genenc matenal contained in the cells of the animai. 

16. A method acccrrfing to c:aim 1 5 wnerein at least one selectable marker ^s operabiy linked 
to a tissue- or ceil-3cec;nc exoression element cr elements, wnerebv m sieo (c) a particular 
cell/tissue r/pe is selectively grown on the basis of the tissue- or ceH-scec:f:c expression 
therein or said at leas: cne selectable marker, e.g. to orcauce a homccenecus ccoulation of a 
particular class cf cails ;n cnmary culture. 

45 17. A method acccrcinc to claim 15 cr claim 16 wherebv steo (c) reduces -r -'iminates 
microbial (e.g. yeas: ana furgai) contamination cf the tissue culture. 

18. Tissue cr ceils CLitureo cy the method of any one of claims 1 5 to 1 Te :s3ue cr cells 
^ being rcr Ljse e.g. as 3 :iS5ue Tanspian:. as a test subject in biochemical assavs or as a 
oO source or a protein cf mtei-esL 



35 



40 
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19. Tissue or cslls according :c c'.airrs 14 or claim 13 for use in tneracy. 

20. A iT^etncc cf selectively eiiminanng cr cecleting a particular :issue cr ceil r/ce ;r, an 
5 crgansm. cc-ncnsing the s:ecs of: 

(aj providing a iransgenic animal accorcing to any one of th.e prececmg claims 
wherein the negative seiectaoie marker is ooeraoly linked to an expression element (e.g. a 
Drcmoterl scecific for the tissue cr cell Wpe :a ce eliminated or aeoietea: 

(b) enminatmg or deoieting that tissue or cell ^/pe on the basis cf the expression 
10 tnerein of the negative seiectacie marKer. 

21 . A method acccrcing to ctaim 20 for modelling disease-related cell/tissue less cr atrophy, 
wnerein the tissue or cell ^/pe to be eliminated or depleted is that tissue or cei! r/pe wnicn is ' ' 
suDject to cisease-reiated elimination or atropny. 

15 ■ " 

22. A transgenic animai acccrcing :o any one of the preceding claims for use in ihe method of 
Claim 20 or claim 21. 

23. An animal {for examoie a vertebrate, e.g. a m:amma() \n wnicn a carjcuiar celt/tissue is 
20 specifically eliminated or depleted, produced by the method of ciaim 20 or c:aim 21. 

24. An animal according to claim 23 which is a model of disease-reiatec ceil^tissue icss or 
atrophy. 

25 25. A method of screening compounds for pharmacological activity against a disease 
involving cell/tissue loss or atrophy, compnsing the steos or 

(a) oroviding a test model cf the disease accoroing to the metiiod cf ciaim 21; 

(b) administering the compound to be tested to the test mocel cf stec (a); 
screening the ccmoound to be testeo on the basis of its effect on the test m^odei. 

25. A methoc according :o claim 21 or claim 25 wherein the disease is: 

(a) Parkinson's aisease and the tissue or ceii-type to oe elim.inated cr cecie^ed 
comprises cccaminergic neurcnes in the sucstantia nigra; 

ib) Huntington's cnorea and the tissue or cell-type to oe eliminated cr ceci'=red 
35 comcnses neural cells of the stnatum; - >- - -^--^ 

(c) Alzheimers disease and the tissue or cell-r/pe to be eiimanated cr :iepieted 
composes acetylcholine-, serotonin- and/or noradrenaline- neurones associated wTtn the neo- 
and palaeccortex; 

(d) multiple sclerosis and the tissue or cell-type to be eliminated cr aeoieted 
40 comprises brain oiigodendroc/tes: 

(e) immune disease and tne cell-type to be eliminated or ceoleted comcnses CD3 
Co4 anc/or CDS ceils; and 

(f) AIDS and the ce!l-r/ce to be eliminated or aepleted comcnses CD4 cells. 



45 27. A method (e.g. an in vitro method) of determining the effect of a ceflcit :n = nrs: -ass of 
cells cn the cnarac:er:s::c3 of a second class of cells m an orcamsm tne m-T.cc -—-nsmo 
the steos or ' ' ' i- ^ y 

■ 3) crcvidir.g a :.'ar3cen:c animal acccrcing to any one cf the crecec:nc c:=-ms navinq 
a nrst negative seiectacie m:arker ocerabty linked to an exoressicn e:emerr scec:f;c 'cr the 
oO nrst Class of cells and either; (;) a cositive selectable marker cceraciy hnkec to7n excression 
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element scecific for the second class of cells, or (ii) a second negative selectable marker 
[inkea tc an exoression element wnich directs the expression of the negative selectable 
marKer \n ail ceils of the organism except the second class or cells; 

(b) administenng a selective agent to the organism to induce a deficit in the first class 
5 of cells cn the basts of the expression therein of the negative selectable marker; 

(c) removing cells from the organism: and 

(d) selectively cultunng cells of the second class from those ceils removed in steo (c) 
on tne oasis of; (i) the expression therein of the positive selectable marker, or (ii) the lack of 
expression therein of the negative selectable marker. 
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